The aim of this paper is to investigate the parameters of one of the UWB Sensors, called Vivaldi Antenna, and to propose the new ways how they can be improved. As a practical implementation of the sensor, the UWB radar for wall penetrating applications with impulse excitation was utilized. For wall penetration low frequency (0.3 -8 GHz) supporting UWB signals are required.
I. INTRODUCTION
After the regulation for the frequency usage of low power Ultra-Wide Band (UWB) systems was published, UWB based technologies have become the most sought-after among the short-range communication systems. Since the use of large transmission bandwidths offers a number of benefits, several application areas have emerged for UWB, such as: extremely high data-rate communications between computer components; wireless links between the components of entertainment systems; sensor networks; and radar systems with extremely high resolution and obstacle penetration properties. The features of the mentioned UWB systems are highly dependent on the facilities and the UWB behaviour of the sensors. The UWB behavior means relatively large operational bandwidth and the following characteristics of the impulse response by the antenna: high peak value of the pulse envelope, narrow width of the pulses, short duration of ringing and a stable group delay.
Previous research on Vivaldi antennas provides empirical evidence that the UWB properties and the UWB behavior of the Vivaldi antenna appear to be one of the most attractive for UWB pulse radar systems. The Vivaldi antenna has a rather low impulse distortion compared to other UWB antennas. Furthermore, several researches have lately focused on improving the characteristic parameters of Vivaldi antennas. However, relatively less effort has been devoted to improving their low frequency behavior (below 2 GHz), since it was difficult to achieve the needed radiation properties at low frequencies. Even if the radiation resistance was matched through a very wide frequency range, including low frequencies, complications appeared in achieving a proper usable gain. Moreover, the splitting of the main-beam shape for lower frequencies was observed in some cases. Furthermore, lower frequency radiation requires larger dimensions of the antenna.
In order to improve the antenna parameters, new design solutions for Vivaldi antennas were employed. The innovation is based on the formulation of the design curves, which are used in the construction of the antenna. The new design method was tested for different substrates and different frequency limits and it shows much better responses, in addition to maintaining the smallest possible dimensions.
II. DESIGN OF VIVALDI ANTENNA
As most of the antennas, Vivaldi Antenna design consists of two parts: radiator -the part of antenna body-shape responsible for creating radiation by the currents flowing through it, and matching -the part of antenna which makes impedance transition from radiator to the system impedance for what antenna is designed ( Fig. 1 ). Radiator part can also be considered as a matching between transmission line and the free space. So, inside antenna design there are matching between wired and wireless networks and also matching between antenna device and the system it is supposed to be connected. Dissection by parts comes from the functional point of view; otherwise both parts present one unit of continuous metal (copper) plate. The matching networks between antenna and the system (signal supply cable) are integrated inside the antenna design. It makes the antenna, as a device, ready to be connected easily with the rest of the system. Fig. 1 shows the typical Vivaldi antenna design. The radiation plates of the antenna are constructed by the surrounding curves, which are parts of the "arbitrary" cylinders due to the most of the sources of Vivaldi design developers. "Vivaldi antennas are traveling wave antennas and there is no accessible design theory that can be used to design the optimum antenna for a particular set of design" [1] .
The current project expands the particular ways of calculating design curves of the Vivaldi antenna, mostly for the radiator part and also for the matching, to increase the effectiveness of the antenna and to reduce the size of the substrate. The main deterministic factor which directly affects to the size of the antenna is the dielectric constant of the substrate. Current project also contains examples of the use of a hybrid substrate designs for improving low frequency radiation by the small-sized antennas.
The radiation principle depends on two types of radiation through the Vivaldi antenna shape; one is close to the transmission line, small segment of the radiator plates, which acts as a waveguide radiator, and another one is "far away" from transmission line, where the electromagnetic waves obey the principles of dipole radiation. Our interest is to the second, the dipole radiation part of the antenna. Detailed discussion about two wire and dipole radiation principles is given in a reference [2] .
A. Radiation Curves
"Radiation curves" are the main contributors of the radiation; it means they act as a load in an antenna circuit ( Fig.  1 ). As for 'Directivity curves', they are in charge of radiation beam formation; controlling main beam-width and its direction. Electrical losses through the copper plates and the substrate dielectric material present loss resistance of antenna circuit.
If we look for the current distribution over the radiator plates, it's normal that at the edges of the conductor plate the current concentration is much higher then in the middle; as a result, the curves through the edges takes the most of the responsibilities for the radiation. So the shapes of the "inner curves" are crucial for antenna performance, since they are the main contributors of the radiation. As far we go from the transmission line side of the antenna as more distance appears between the couple of inner curves of the radiators, because of the tapering of the conductor shape and the possibility of generating lower frequency radiation is greater. To reach the lowest possible radiation for a given type (the material with specific dielectric constant) or size of the substrate, there is need to define the right shape of the curves.
The distances between the charges (currents) on separate parts of the radiator plates present half wavelengths of different frequencies and correspondingly the radiating waves at those frequencies. If we mark the parallel points on the substrate with half wavelength distances between and assign them for several different frequencies, and if we make a curve through that points, we will derive the shape of the inner curve of Vivaldi radiator. The separation between the points should be arranged uniformly ( Fig. 2) .
For the wavelength calculation the substrate material influence must be taken into account, since the wave propagation in different materials are different and the wavelength changes depending on the dielectric constant of the material of wave propagation.
The connection from the inner curve to the transmission line must be drawn as smooth as it is possible to neglect unnecessary radiation and the power loss through it. The prolongation of the radiator can not be predicted and generalized, because it depends upon many different factors, like impedance of the transmission line (width of TL) and also the length, or the shape of the radiators and their separation from the TL. 
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B. Directivity Curves
The Directivity curves are affecting the radiation beamwidth and the direction of radiation. During this project the practical observations were done for investigating the functions of the directivity curves, hence we will not give deep theoretical discussions for it. Still, there were over 300 designs made and observed during the project and quite clear conclusion can be estranged as an outcome, which gives us the right to conclude that they are in charge of the radiation beam formation.
C. Matching
The matching is crucial for the operation of an antenna, since antenna is a part of the system and the affective power delivery to the antenna radiator is an essential for "successful" communication. Matching also is affecting the radiation properties of the radiation part of the antenna. There are a few of the methods for constructing matching networks depending upon the feeding of Antenna. The typical feeding methods for microstrip antennas are the microstrip line feed, probe feed, aperture-coupled feed and proximity-coupled feed [3] . The one used in this project, is the microstrip line feed. The width of microstrip transmission line is calculated depending on the required characteristic impedance of the line (Antenna input impedance). There are two types of designs, balanced and unbalanced in terms of impedances.
Unbalanced (groundplane) transmission line calculation can be done using the regular microstrip transmission line width calculation method (Table I) . Calculations are based on the electromagnetic interaction between TL and the GP, distance between them and the dielectric material properties of the substrate; for balanced line the same method is suitable, just half size of the substrate thickness (h) must be used. Furthermore, the length of the transmission line involves our attention to be specified. It only affects the phase of the incoming wave. Research shows that the same design of radiators can be used for both balanced and unbalanced Vivaldi designs. The difference appears for the formation of matching transmission line.
From the practical point of view the balanced design for the Vivaldi antenna is much easier to implement, since there are two identical transmission lines used on both sides of the substrate. But furthermore, considering practical issues, there is looked-for use of unbalanced designs for most of the systems exist nowadays. In addition, the majority of the measuring devices using for antenna and microwave circuit measurements are intended primarily for the unbalanced networks; and to create an accurate measurement setup for the balanced devices, it requires much more expenses and energy to be spent. Fig. 3 Matching Transmission lines modification for transitional design. Fig. 3 presents the transitional design of matching network from the balanced to unbalanced cases. The enlargement of the groundplane part can be designed arbitrary depending on the size and availability of the transmission line and the substrate. During making design it must be carefully considered that the widening segment is smoothly harmonized with the rest of the design, so that there must not be the edges or hard corners left along the widening. Otherwise it is a possibility of unnecessary power loss and unusable radiation.
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D. Vivaldi Design Summary
To summarize the discussion for Vival and radiation curves formulation, there is n term of effective part of the radiator for th since not all the parts of antenna is taking effective radiation. The fig. 2 shows the ar which are generating an effective radiation enlarged depending on the formulation of t Mostly an effective radiation is difficult lower frequencies, but the observations sho 100 percent of the substrate can be succe making the right shapes of Vivaldi radiator;
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